Introduction
============

In early 2016, the World Health Organization (WHO) announced a global shortage of inactivated poliovirus vaccine,[@R1]^,^[@R2] which was estimated in 2017 to last until 2020 and potentially beyond.[@R3] In response, WHO's Strategic Advisory Group of Experts on Immunization recommended that countries with good immunization systems and coverage consider administering two fractional inactivated poliovirus vaccine doses of 0.1 mL each intradermally instead of a single, intramuscular, full dose of 0.5 mL.[@R4]^,^[@R5]

The use of fractional doses has important implications for immunization systems, including the supply chain. When a vial intended for full-dose vaccination is used to deliver fractional doses, the number of doses it contains increases by a factor of five: a vial containing 5 or 10 full doses becomes a 25- or 50-fractional-dose vial, respectively. Moreover, as the number of doses available at a facility increases, the supply frequency must change to accommodate the slower consumption of individual vials. Staff must undergo training on procedures for new vaccine delivery schedules and on the different route of administration. Vaccinators may, therefore, need to be refamiliarized with the Mantoux method. Finally, close monitoring is essential to ensure that injection quality, vaccine wastage and supplies of both vaccine and injection equipment are appropriate and that coverage meets set targets.

India was the first country in the world to introduce fractional-dose inactivated poliovirus vaccine into its immunization programme. A phased introduction started in 2016 and coverage was expanded throughout the country in 2017. This paper describes the background to the introduction of fractional-dosing in India and highlights aspects of the country's immunization programme that were critical for success. We provide information about immunization programme features, such as training health-care workers, monitoring the introduction of fractional-dosing and vaccine usage, and updating vaccine supply and distribution plans, that could be useful for other countries considering the use of fractional-dose inactivated poliovirus vaccine.

Introducing fractional-dosing
=============================

Following publication of the global Polio Eradication Endgame and Strategic Plan 2013--2018 and of recommendations by WHO's Strategic Advisory Group of Experts on Immunization,[@R6]^,^[@R7] the Indian government decided to introduce inactivated poliovirus vaccine into its routine immunization programme in preparation for the planned global switch from trivalent to bivalent oral poliovirus vaccine in April 2016. For the first year, the government requested 40 million doses of inactivated poliovirus vaccine from Gavi, the Vaccine Alliance. However, Gavi agreed to supply only 28 million doses, which was insufficient to cover the full birth cohort. Consequently, the government decided to phase in the introduction of inactivated poliovirus vaccine and full-dose vaccination began in six states in November 2015 ([Fig. 1](#F1){ref-type="fig"}). To supplement vaccines supplied by Gavi, the government started to procure vaccines using its domestic budget. Since the first quarter of 2017, all inactivated poliovirus vaccines used in India has been paid for by the Indian government. However, due to global shortages, domestic manufacturers were not able to provide an adequate supply despite their best efforts.
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Even with the staggered introduction of inactivated poliovirus vaccine in India, supply challenges remained. In February 2016, the India Expert Advisory Group on polio convened an interim meeting to discuss the impact of supply constraints on the scheduled switch to bivalent oral poliovirus vaccine in April that year.[@R8] Based on the evidence that two fractional inactivated poliovirus vaccine doses yields equivalent or greater immunogenicity as a single full inactivated poliovirus vaccine dose,[@R5]^,^[@R9]^--^[@R11] the advisory group recommended that the government continue with the planned switch to bivalent oral poliovirus vaccine and consider implementing a routine immunization schedule of two fractional doses, at 6 and 14 weeks of age, as a risk-mitigation strategy. The advisory group also recommended that fractional-dose vaccination be initially introduced in selected states and, depending on operational feasibility and experience with the programme, then be expanded to other states.[@R8] Following these recommendations, fractional-dosing was introduced in eight selected states, while the remaining states used full doses.

In April 2016, Indian states and territories fell into one of three categories: (i) states that had already started using full-dose vaccine; (ii) states and territories that would introduce fractional-dose vaccine; and (iii) states and territories that would continue with the introduction of full-dose vaccine and switch to fractional-dose vaccine at a later date. By June 2016, some form of the vaccine was being used across the entire country: 28 states and territories were using full doses and 8 were using fractional doses.

A rapid assessment of the introduction of fractional-dosing, conducted by WHO's country office in India in partnership with the Indian government, showed that its initial introduction in eight states was successful and could be replicated in other states. This assessment also identified operational areas that could be improved, such as: (i) the display of information, education and communication materials; (ii) the identification of children eligible for vaccination; and (iii) vial use and storage (some cold chain handlers were unaware that the shake test is not applicable to inactivated poliovirus vaccine and that vials should not be kept in ice packs because of the risk of vaccine damage by freezing). Based on this assessment, the decision was made to switch states that were still using full inactivated poliovirus vaccine doses over to fractional doses. The subsequent transition from full to fractional doses was staggered; 8 further states transitioned in September 2016 and the remaining 20 transitioned in the first two quarters of 2017 ([Fig. 1](#F1){ref-type="fig"}). In June 2016, fractional-dose vaccine was used in a campaign in Telangana State in response to vaccine-derived poliovirus type 2 being detected in sewage.[@R12]

Introduction challenges
=======================

In early 2016, Indian states and territories either had already started using full doses of inactivated poliovirus vaccine, were planning to introduce fractional doses or were planning to introduce full doses and switch to fractional doses later. Consequently, careful planning was required and different strategies were adopted to deal with: (i) advocacy and training; (ii) monitoring the introduction and use of inactivated poliovirus vaccine (both full and fractional doses); and (iii) managing the supply of vaccine to ensure its distribution was aligned with the varying number of children served at individual clinics, thereby preventing wastage. The new dosing schedule, the new mode of vaccination and the increased number of doses per vial all presented challenges. However, due to the global shortages, several steps were already being taken in India to ensure a smooth vaccine supply before fractional-dosing was introduced. These measures continue to support the polio immunization programme.

Initial preparations
--------------------

There was very little time between the decision to use fractional-dosing (i.e. in February 2016) and its planned implementation, which was to take place as soon as possible because type-2-containing oral poliovirus vaccine was scheduled to be withdrawn in April 2016. During this short interval, information, education and communication materials were modified and staff, who had already received training to use full-dose inactivated poliovirus vaccine, were retrained. In addition, state governments were provided with information on, and support with, the introduction of fractional-dose inactivated poliovirus vaccine, which is an off-label use. The decision to introduce fractional-dosing initially in only eight selected states meant that advocacy and training activities could be targeted. The selection of states also provided an opportunity to assess its introduction in a pilot programme. Since inactivated poliovirus vaccine had already been approved in India for full-dose use, the recommendations made by the India Expert Advisory Group enabled off-label use of the vaccine in a fractional-dose schedule to pass quickly through the necessary regulatory processes.

States that were transitioning from full-dose to fractional-dose vaccine from September 2016 onwards were allowed a buffer period of 3 months. During this time, health-care facilities were instructed to use fractional doses for children receiving inactivated poliovirus vaccine for the first time at 6 weeks of age, they were treated again at 14 weeks of age. Children older than 6 weeks who had not previously received the vaccine were given a single full dose at 14 weeks of age. After this buffer period, all children received fractional-dose inactivated poliovirus vaccine at 6 and 14 weeks of age. For health-care workers to understand the change in vaccination schedule, training materials were modified in states switching to fractional-dose inactivated poliovirus vaccine.

The phased introduction of inactivated poliovirus vaccine meant that dosing schedules and modes of vaccine delivery varied across different states, both within clinics during the buffer period and between public and private sector facilities. This posed challenges for recording and reporting. Accurate dose-tracking was particularly difficult as people are mobile and often migrate from place to place. Monthly reports were adapted to track the use of both full- and fractional-dose vaccine.

Forecasting vaccine demand
--------------------------

In 2016 and 2017, the total demand for inactivated poliovirus vaccine increased even as the projected demand decreased in states transitioning to fractional-dose inactivated poliovirus vaccine, principally because full-dose inactivated poliovirus vaccine was simultaneously being extended to other states. Vaccine supplies and variations in consumption were carefully monitored at the national level to ensure that the appropriate quantity was distributed to each state. Vaccines were distributed according to standard guidelines (i.e. first expiry, first out and first in, first out). In addition, the national immunization programme asked suppliers to adjust the supply schedule to avoid stock shortages and surpluses.

India also began using a consumption-based approach to supplying inactivated poliovirus vaccine to facilities: the number of doses delivered in any month was the number delivered in the previous month plus 10%. This contrasted with the projection-based approach used for other routine immunizations. The result was that national immunization programme supervisors were able to closely track vaccine consumption patterns in each clinic, including the mix of full- and fractional-dose vaccine during and after the 3-month buffer period, when both were used. However, this approach meant that a facility that underperformed in a given month could receive fewer vaccine doses in the following month, which made it difficult to meet any rise in demand for vaccination coverage. To address this concern, the national immunization programme increased the proportion of additional doses supplied to 20% and continued to monitor use closely. Also, states were instructed to raise their interim demand for vaccine as needed, so long as they submitted a report on the vaccines delivered.

In October 2015, India established an electronic Vaccine Intelligence Network, which is a digital system for real-time monitoring of the supply chain that has proven helpful in maintaining stocks of vaccine at recommended temperatures.[@R13] The network was initially introduced in 12 states, where it covered around 10 500 of the existing 27 000 cold chain points and served nearly 60% of children younger than 2 years.

Preventing vaccine wastage
--------------------------

As the national immunization programme closely monitored consumption of inactivated poliovirus vaccine at the clinic level, the programme was well positioned to rapidly identify supply shortages and variations in wastage. In India, there are substantial intra- and inter-state variations in population density (70% of the country's birth cohort is concentrated in 10 of the 29 states) and consumption projections for densely populated states are inappropriate for sparsely populated states. Early during the introduction of inactivated poliovirus vaccine, when both vials containing 5 and 10 full doses were in the supply chain, it was anticipated that facilities serving low-density populations (e.g. in hilly, tribal and remote areas) would experience higher wastage because they would be unable to completely use a multidose vial within 28 days, when open vials must be discarded. In particular, there was a concern that high wastage would outweigh the benefits of the dose-sparing fractional-dose schedule. In areas with a sparse population, the estimated wastage for fractional doses taken from a 10-full-dose vial was 60%, compared with 20% with a 5-full-dose vial. For comparison, the estimated wastage for full-dose vaccination using a 10-dose vial was 10%.

As smaller vaccine vials helped minimize wastage, states using fractional-dosing and areas that had a low population density or were difficult to reach were supplied with vials containing five full doses. In addition, states were also asked to plan vaccine distribution to minimize wastage while strictly implementing the policy of discarding opened vials within 28 days. They were also reminded that the shake test is not applicable to inactivated poliovirus vaccine. States submitted their monthly consumption reports manually because, in 2017, inactivated poliovirus vaccine was not included in the online health management information system for reporting coverage data. The distribution of vaccine to states was kept under national control.

Furthermore, India requested and received support from the Global Polio Eradication Initiative through the United Nations Children\'s Fund to convert 2 million inactivated poliovirus vaccine doses provided through Gavi for the first year from 10-full-dose vials to a 5-full-dose format. All domestic supplies are in 5-full-dose vials.

As an early adopter of fractional-dosing, India set new norms for adjusting existing inactivated poliovirus vaccine policy and practices to accommodate the unique requirements of transitioning from full-dose to fractional-dose vaccine. Successful implementation relied on careful planning at the outset to consider the individual requirements of the large variety of immunization settings in the country. Estimating wastage before the transition was critical for identifying where fractional-dose vaccine could be best applied. In addition, vigilant monitoring of monthly reports ensured that changes in vaccine supply, demand or committed quantities could be accommodated and enabled the rapid identification of places where refresher training may be required.

Outcomes
========

India began the staggered introduction of full-dose inactivated poliovirus vaccine in November 2015 and, by June 2016, the entire country was receiving either full-dose or fractional-dose vaccine. By June 2017, all Indian states had transitioned to using two fractional vaccine doses ([Fig. 2](#F2){ref-type="fig"}). No vaccine-derived poliovirus type-2 cases have been detected since the adoption of fractional-dosing. In addition to making policy changes to facilitate the introduction of fractional-dose vaccine, the Indian government has also made efforts to rapidly increase immunization coverage through special immunization drives under the Mission Indradhanush programme, whose aim was to achieve full immunization coverage (i.e. greater than 90%) by December 2018. This programme, which focuses on children younger than 2 years and pregnant women, has helped strengthen the overall immunization system and increase coverage. The close tracking and immunization of eligible recipients of inactivated poliovirus vaccine combined with the more appropriate distribution of vaccines has contributed to a rapid increase in the coverage of fractional-dose inactivated poliovirus vaccine, which reached 71 % by September 2018 ([Fig. 3](#F3){ref-type="fig"}) according to information from Indian states (Indian health management information system, unpublished data, 2017).
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Lessons learnt
==============

The key lessons learnt from the introduction of fractional-dose inactivated poliovirus vaccine in India relate to: (i) strategies addressing vaccine supply and wastage; (ii) managing the introduction of fractional-dose vaccine; (iii) managing the transition from full-dose to fractional-dose vaccine; and (iv) communicating and coordinating with stakeholders. These lessons informed the introduction of fractional-dose inactivated poliovirus vaccine in Sri Lanka.[@R14]

In settings where there are few potential beneficiaries, vaccine wastage should be minimized by using vials containing fewer doses, perhaps 1 or 2 full doses. Smaller vials would also allow greater flexibility in planning immunization sessions in sparsely populated areas. Procurement frequency and supply quantities must be adjusted to match the slower drain on vaccine supplies that results from using fractional rather than full doses. In addition, regular consultations with regulatory authorities, suppliers, states and partners are essential for ensuring the appropriate regulation, procurement and distribution of vaccine supplies.

Close monitoring and supportive supervision are critical for rapidly identifying and remediating any problems with the introduction of fractional-dosing. Clinic records should be reviewed regularly to ensure adherence to recommended dosing schedules and dose volumes and periodic spot checks should be carried out to ensure the correct injection technique is being applied. Clear guidance should be given on how to determine whether a full or fractional-dose should be given to an individual after the introductory buffer period in settings where a transition from full-dose to fractional-dose vaccine has been planned. In addition, records for the Expanded Programme on Immunization must be updated before fractional-dose inactivated poliovirus vaccine is introduced to ensure that dose-tracking is accurate, particularly during the buffer period when both full and fractional-doses are being used.

Health-care workers in India are familiar with intradermal injection using the Mantoux method because they routinely give Bacillus Calmette-Guérin vaccine for tuberculosis. Therefore, they required no additional training on intradermal injection techniques. However, where this is not the case, refresher courses on the correct injection technique should be provided while health-care workers and Expanded Programme on Immunization managers are undergoing training on the new vaccination schedule, dose volume and supply frequency required for fractional-dose inactivated poliovirus vaccine.

Although India has successfully introduced fractional-dose inactivated poliovirus vaccine in all states, there are several future challenges. Since the initial support provided by Gavi and the Global Polio Eradication Initiative ended in 2016, India has been procuring inactivated poliovirus vaccine using the domestic budget. However, the most recent quote from the only domestic manufacturer was 80% higher than the previous price, 179.59 Indian rupees (i.e. 2.64 United States dollars) per dose. This increase has put India in a difficult position because paying more for inactivated poliovirus vaccine requires a trade-off with other public health priorities, such as expanding rotavirus and pneumococcal vaccination and strengthening the overall immunization programme. An India Expert Advisory Group meeting on polio eradication held in June 2018 recommended that the country should continue to include inactivated poliovirus vaccine in its routine immunization programme. Accordingly, India proceeded with procuring the vaccine to support global polio eradication. The nationwide expansion of fractional-dose vaccine, which requires 0.2 mL of vaccine per child rather than the 0.5 mL needed for full-dose vaccination, has been cost--effective and has contributed to vaccine security, both nationally and globally, because supplies are likely to remain tight until 2020. Consequently, fractional-dosing remains an important part of the long-term polio vaccination strategy in India.

In conclusion, the challenges of transitioning from full-dose to fractional-dose inactivated poliovirus vaccine in India may not be the same as in other nations because India has the largest birth cohort globally and a strong vaccine supply chain. However, the lessons learnt should be applicable to most countries, regardless of their size or the strength of their immunization programme. We hope our experience will provide a foundation for planning and monitoring the introduction of fractional-dose inactivated poliovirus vaccine. If the availability and cost of inactivated poliovirus vaccine remain a concern, the use of fractional doses can reduce the cost of good coverage and thus support the objective of polio eradication.
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